GC-MS, G-Values
Introduction
There is a general interest in the radiation chemistry of carbohydrates since ionizing radiation provides a powerful tool for food sterilisation. In the last years the studies on the radiation chemistry of carbohydrates have largely been carried out in dilute aqueous solutions1. Under these conditions the radiation energy is absorbed by the solvent water and the water radicals (OH and H) attack the sugar molecules by abstracting hydrogen atoms. The products are then formed in the subsequent free radical reactions of the sugar radicals. If solid carbohydrates are irradiated, the energy of the ionizing radiation is absorbed by the carbohydrates themselves and further reactions not encountered in solution are expected to occur. Recently it has been shown that in a-lactose H20 2-5, 2-deoxy-Dribose6 and D-fructose2*7-8, chain reactions are initiated by 7 -irradiation opening up new interesting preparative routes5-6-8. The chain reactions are restricted to only a few compounds and do not reflect the general behaviour of the radiation chemistry of crystalline carbohydrates. Therefore, it seemed worthwhile to have a closer look into the irradiation products of D-glucose. This compound shows apparently no chain reaction, and its irradia tion products might be compared with the non chain products of D-fructose. This comparison will enable the indication of some radiation induced reactions typical for carbohydrates in the solid state.
Results
Radiation products were concentrated by column chromatography, reduced with NaBD4 to the corresponding polyalcohols, trimethylsilylated, and gas-chromatographed using glass capillary columns. They were identified by GC-MS as has been done in previous work9-10. The MS assignments are supported by the GC retention indices11.
a-D-Glucose: Fig. 1 shows an original gas chro matogram of the derivatized products. A small number of products which were not sufficiently separated from glucose in the enrichment process have not been analyzed for and an assignment of some of the products as detected by GC (Fig. 1 ) is missing. On the other hand, a series of products (in their reduced form: mannitol, allitol, galactitol and iditol) could be identified by this procedure. Without the pre-enrichment process these products were concealed by a huge glucitol peak stemming from the starting material, glucose.
A large number of products was identical with those obtained in the y-radiolysis of aqueous solution of cellobiose9 and glucose10 and the discussion of their mass spectra will not be repeated here. They belong to the peaks No. 1, 6 , 7, 9, 13, 16, 17 in Fig. 1 . Polyalcohols containing deoxy groups are readily identified if deuterated at the positions where a carbonyl group has been prior to reduction. Identi fication is more difficult and in many cases ambiguous if the deoxy group is missing12. Therefore aldoses and the epimeric ketoses cannot be distinguished by this technique with certainty and hence these products are given in parentheses in Tab. I.
In the following section the mass spectra of the material corresponding to various GC-peaks are discussed. If not stated otherwise m/e 73 is the base peak. Some of the GC-separation is lost by the link between the gas chromatograph and the mass spectrometer and both overlapping and coinciding peaks yield mass spectra from more than one compound. For the interpretation of these spectra the knowledge from previous work9-10 was used where extended column chromatography enabled a firmer assignment of the individual components. 
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The precursors are the two stereoisomeric 2-deoxy-2-C-hydroxymethyl-pentonic acids (19). All frag ments were accounted for in our proposed structural assignment.
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4 -Deoxy-glucitol-3 ,6 -d2 is the stereoisomer of 3 -deoxy-glucitol-l,4 -d2 the latter already identified as its TMS-ether in GC peak 18. The stereoisomer of 2 -deoxy-allitol-l,3 -d2, namely 2-deoxy-glucitol-l,3-d2 should have appeared as TMS-ether in GC peak 17 but could not be traced there, possibly because of low concentration. The precursors are 3-deoxy-4-keto-glucose (26) and 2-deoxy-3-keto-glucose (23).
GC-Peak No. 20 . The composite mass spectrum is most probably due to the TMS-ethers of 3-deoxymannitol-l,2 -d2 and 3-deoxy-mannitol-l,l-d2. Their precursors are 3-deoxy-glucosone (24) and 3-deoxymannonic acid (27) . These are the stereoisomers of 3 -deoxy-glucitol-l,2 -d2 and 3-deoxy-glucitol-l,l-d2, respectively. Their mass spectra have been reported in the discussion of GC-peak 18.
In the enrichment process products have been isolated giving glucitol, mannitol, allitol, galactitol and iditol, after NaBD4 reduction. They are ex pected to have the corresponding keto-glucoses 28-31 as their precursors. However, they could not be identified unambiguously.
Gluconic acid (32) was identified as the TMSethers of its y-and (5-lactones. Hydrogen 33 is the major volatile product. Carbon monoxide has been recognized as a product but its yield was too low to be determined quantitatively. Acidic products (carbonic acids and enolizable compounds) have been titrated after adding an excess of base. G (acids) has been found to be around 9.
ß-D -Fructose: The gas chromatogram of an ir radiated, reduced and trimethylsilylated sample is given in Fig. 2 . The mass spectra of the products corresponding to the GC peaks No. 1-5 and 8 -1 2 have already been reported earlier9-10 and in the glucose section.
GC-Peaks No. 6 . The mass spectra appear to be due to two components. They are very similar in structure. However, their relative amounts vary somewhat which was expected since NaBÜ4 reduc tion yields the stereoisomeric alcohols with unequal 
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-(H) tions of the bulky a-hydroxyalkyl radicals seem to be less likely and appear to be important only in the case of the simplest ones, e.g. hydroxy methyl and a-hydroxyethyl14. It appears that this process is more prominent in the crystalline state than in aqueous solution. Except for minor products in the y-radiolysis of aqueous deoxygenated solutions of ribose-5-phosphate29 and N-acetyl glucosamine 30 it has not been encountered before in the free radical chemistry of carbohydrates in aqueous solution. product 4. In fructose a sequence of this kind will not give rise to CO2 and, indeed, G(C0 2 ) is compara tively negligible. In the formation of the branched acid 19 CO2 or C 02~ may play a role as a carboxylating agent, but too little is known about the free radical chemistry in solids to present an acceptable mechanism.
Elimination of water from a,/J-dihydroxyalkyl radicals (reactions 5 and 19 in Scheme
Quantitative Aspects
With both glucose and fructose, hydrogen appears to be the major gaseous product. The values found by us are considerably higher than the ones reported in the literature. The yield of hydrogen from a-Dglucose has been reported to be G = 3.8 32>33 whereas we find G(H2) = 5.75 (Table I) 
No. Product
Determined as TMS ether GC-peak G-value after reduction with NaBD4
No. carbohydrates) HD is the major radiolysis product (HD > 75% ) 35 . Tables I and II) . This is mainly thought to be due to the fact that the radicals of the type -CO-CH -dimerize if they do not find a suitable hydrogen donor23 -29. We, therefore, believe that the major part of carbohydrate products is of the -CO-CH-dimer typ e19- 21 The isolation and determination of the carbohydrate products was in principle the same as described in our previous work8-10. Since most of the hydrogen and carbon dioxide formed was buried in the solid it was necessary to suck deoxygenated water into the evacuated and irradiated sample container before purging the gases from it into the gaschromatograph 46. 
